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Introduction {#chem201705883-sec-0001}
============

The self‐assembly of DNA strands or enzyme‐substrate‐interactions demonstrates that supramolecular chemistry is an inherent feature of our daily life. During the last decades, this field of chemistry was successfully implemented in non‐biological systems for the synthesis of large assemblies constructed by small building blocks through the self‐assembly approach.[1](#chem201705883-bib-0001){ref-type="ref"} Particularly intriguing is the synthesis of discrete spheres, which can act as containers for small molecules or ions.[2](#chem201705883-bib-0002){ref-type="ref"} Within this area, coordinative bonds turned out to be a powerful tool for the rational design of novel cages or capsules, largely with di‐ or tridentate N, O or S donor ligands as connecting moieties.[2](#chem201705883-bib-0002){ref-type="ref"}, [3](#chem201705883-bib-0003){ref-type="ref"}

Due to the lack of phosphorus donors in this chemistry, we have recently introduced pentaphosphaferrocenes \[Cp^R^Fe(η^5^‐P~5~)\] (**1 a**: Cp^R^=Cp\*=η^5^‐C~5~Me~5~; **1 b**: Cp^R^=Cp^Et^=η^5^‐C~5~Me~4~Et; **1 c**: Cp^R^=Cp^Bn^=η^5^‐C~5~(CH~2~C~6~H~5~)~5;~ **1 d**: Cp^R^=Cp^BIG^=η^5^‐C~5~(4‐*n*BuC~6~H~4~)~5~) in combination with Cu^I^ salts (halides, triflates) for the formation of neutral nano‐sized supramolecules, which show fullerene topology or beyond (Figure [1](#chem201705883-fig-0001){ref-type="fig"}).[4](#chem201705883-bib-0004){ref-type="ref"} With phosphorus as the donating element and possessing a fivefold symmetry, the *cyclo*‐P~5~ ligand in **1 a**--**d** holds an outstanding position among the huge variety of building blocks. Notably, the obtained spheres are prime examples of template‐directed syntheses, and the flexible coordination behavior of CuX (X=Cl, Br, I) as well as of the P~5~ ring gives rise to the adaptability of this system. Accordingly, different sizes of the templates lead to the formation of different‐sized supramolecules exhibiting template‐specific cavities (Figure [1](#chem201705883-fig-0001){ref-type="fig"}).

![Selected scaffolds of spherical supramolecules composed by **1 a**: a) 80‐vertex scaffold incorporating *o*‐carborane; b) 90‐vertex scaffold incorporating \[(CpCr)~2~(μ,η^5^‐As~5~)\]; c) 100‐vertex scaffold incorporating a P~4~ molecule (only one position of the disordered P~4~ molecule is shown).](CHEM-24-2503-g001){#chem201705883-fig-0001}

Comparing the template properties, we not only succeeded in incorporating stable molecules as for instance ferrocene,[4d](#chem201705883-bib-0004d){ref-type="ref"} *o*‐carborane[4g](#chem201705883-bib-0004g){ref-type="ref"} (Figure [1](#chem201705883-fig-0001){ref-type="fig"} a) and C~60~,[4h](#chem201705883-bib-0004h){ref-type="ref"} but were also able to stabilize otherwise very reactive and labile species such as white phosphorus and yellow arsenic by enclosure in a supramolecular host (Figure [1](#chem201705883-fig-0001){ref-type="fig"} c).[4c](#chem201705883-bib-0004c){ref-type="ref"} So far, all incorporated guests are neutral compounds, which fit in the neutral host environment. Hence, the question arises as to whether charged templates such as \[FeCp~2~\]^+^ or \[CoCp~2~\]^+^ can also be used for a template‐directed formation of such supramolecules and whether this has an influence on the molecular structure of the host. Moreover, how the supramolecular system will respond to the introduction of a potentially redox active template is another question to be answered.

\[MCp~2~\]^+^ cations have already been included into cavities of various organic cavitands such as calixarenes,[5](#chem201705883-bib-0005){ref-type="ref"} thiacalixarenes,[6](#chem201705883-bib-0006){ref-type="ref"} pilararenes,[7](#chem201705883-bib-0007){ref-type="ref"} cyclodextrines[8](#chem201705883-bib-0008){ref-type="ref"} and cucurbiturils.[9](#chem201705883-bib-0009){ref-type="ref"} \[CoCp~2~\]^+^ salts can also intercalate in some layered inorganic compounds, as for instance MoPS~3~ or FePS~3~,[10](#chem201705883-bib-0010){ref-type="ref"} layered sulphides and selenides[11](#chem201705883-bib-0011){ref-type="ref"} or mesoporous niobium oxide.[12](#chem201705883-bib-0012){ref-type="ref"} To the best of our knowledge, there are no examples of the inclusion of \[MCp~2~\]^+^ cations into cavities inside inorganic‐ or organometallic‐based molecules because the redox properties usually prevent the inclusion.

Furthermore, even though labile species (e.g. As~4~, P~4~) turned out to be appropriate guests for pentaphosphaferrocene‐derived supramolecules, they have never shown any reactivity towards the building blocks. Yet, particularly Cu in the oxidation state +1 is known for its redox activity. This fact sparked our interest regarding the introduction of reducing agents such as \[CoCp~2~\] as a guest, which is also applicable to other host--guest systems.

Herein we report on the template‐controlled self‐assembly processes of \[Cp\*Fe(η^5^‐P~5~)\] (**1 a**) and CuX (X=Br, I) and CuBr~2~, respectively, in the presence of \[FeCp~2~\]\[PF~6~\], \[CoCp~2~\]\[PF~6~\] or \[CoCp~2~\] as templates. Some self‐assembly processes include the oxidation or reduction of the template and the subsequent incorporation of the cationic sandwich complex in an inorganic host for the first time. In this way, different supramolecules are obtained, some of which exhibit unprecedented scaffolds and shapes (Figure [2](#chem201705883-fig-0002){ref-type="fig"}): \[FeCp~2~\]@\[{Cp\*Fe(η^5^‐P~5~)}~12~(CuBr)~17.3~\] (**3**), \[CoCp~2~\]^+^ ~3~{\[CoCp~2~\]^+^@\[{Cp\*Fe(η^5^‐P~5~)}~8~Cu~24.25~Br~28.25~(CH~3~CN)~6~\]^4−^} (**4**), {\[Cp~2~Co\]^+^@\[{Cp\*Fe(η^5^‐P~5~)}~8~(CuI)~28~(CH~3~CN)~9.8~\]}{\[Cp~2~Co\]^+^@ \[{Cp\*Fe(η^5^‐P~5~)}~8~Cu~24.4~I~26.4~(CH~3~CN)~8~\]^2−^} (**5**), and \[{Cp\*Fe(η^5^‐P~5~)}~3~{(Cp\*Fe(η^4^‐P~5~))~2~NH}~3~Cu~16~I~10~(CH~3~CN)~7~\]⋅3.9CH~3~CN (**6**).

![Schematic view of scaffolds (left), scaffolds (middle) and molecular structures (right) of the obtained supramolecules **3**--**6** with \[FeCp~2~\]/\[CoCp~2~\]/\[CoCp~2~\]\[PF~6~\] as template. Hydrogen atoms, minor parts of disorder and solvent molecules are omitted for clarity. Incorporated templates are displayed in a space‐filling model.](CHEM-24-2503-g002){#chem201705883-fig-0002}

Results and Discussion {#chem201705883-sec-0002}
======================

Considering that ferrocene is known as an appropriate guest molecule for fullerene‐like hosts,[4a](#chem201705883-bib-0004a){ref-type="ref"},[4d](#chem201705883-bib-0004d){ref-type="ref"} the ferrocenium cation \[FeCp~2~\]^+^ is the natural choice. When a solution of **1 a** in CH~2~Cl~2~ is layered with a solution of \[FeCp~2~\]\[PF~6~\] and CuBr in acetonitrile, the formation of brown plates of the 2D polymer \[(**1 a**)CuBr\]~*n*~ [13a](#chem201705883-bib-0013a){ref-type="ref"} (**2 a**) and big dark blocks of \[FeCp~2~\]@\[{Cp\*Fe(η^5^‐P~5~)}~12~(CuBr)~17.3~\] (**3**) at the phase boundary is observed already after one day. The X‐ray structural analysis of **3** (trigonal, space group *R* $\bar{3}$ ) reveals a supramolecule constructed by 12 *cyclo*‐P~5~ ligands and 30 {Cu~2~P~4~} hexagons with a *I* ~h~‐C~80~ fullerene topology (Figure [2](#chem201705883-fig-0002){ref-type="fig"} a). Due to CuBr vacancies, the ideal scaffold of 20 CuBr units is reduced to an average of 17.3 moieties in **3**.[14](#chem201705883-bib-0014){ref-type="ref"}

Such a partly vacant (80−*n*) vertex host molecule containing CuBr in its core was already observed once when *o*‐carborane was encapsulated (Figure [1](#chem201705883-fig-0001){ref-type="fig"} a).[15](#chem201705883-bib-0015){ref-type="ref"} Furthermore, the known Cl‐derivative of this sphere is capable of the trapping of several templates such as *o*‐carborane,[4g](#chem201705883-bib-0004g){ref-type="ref"} \[CpCr(η^5^‐As~5~)\][4d](#chem201705883-bib-0004d){ref-type="ref"} and \[FeCp~2~\],[4d](#chem201705883-bib-0004d){ref-type="ref"} although crystallizing in the cubic crystal system. Also in **3**, one molecule of the sandwich complex is enclosed within the cavity of the host. Surprisingly, neither \[PF~6~\]^−^ nor an additional Br^−^ as counterion is present, obviously, the neutral metallocene is encapsulated. Diamagnetic ferrocene and the paramagnetic ferrocenium cation can easily be distinguished by EPR and NMR spectroscopy. The absence of a signal in the EPR spectrum and the presence of a signal in the ^1^H NMR spectrum (*δ*=4.16 ppm) give evidence of the incorporation of neutral ferrocene. The reduction of \[FeCp~2~\]^+^ to \[FeCp~2~\] is most probably enabled by oxidizing Cu^+^ to Cu^2+^, suggesting that an internal redox process occurred. To avoid this process, CuBr~2~ was used and, interestingly the same product **3** was obtained showing no EPR signal of the ferrocenium cation, which points to the fact that pentaphasphaferrocene itself can also be redox‐active, which was studied in the oxidation with a thianthrenium salt and the reduction with KH.[16](#chem201705883-bib-0016){ref-type="ref"}

Hence, for the incorporation of a cation, a more stable complex might be required. Therefore, the 18‐valence‐electron complex \[CoCp~2~\]\[PF~6~\] was used as a template. Applying the same conditions as before, the formation of brown plates of the polymer \[(**1 a**)CuBr\]~*n*~ (**2 a**)[13a](#chem201705883-bib-0013a){ref-type="ref"} as the minor product and small reddish rhombohedra of \[CoCp~2~\]^+^ ~3~{\[CoCp~2~\]^+^@\[{Cp\*Fe(η^5^‐P~5~)}~8~Cu~24.25~Br~28.25~(CH~3~CN)~6~\]^4−^} (**4**) as the major product can be observed after a few days. The X‐ray structural analysis of **4** reveals an unprecedented spherical supramolecule, which does not follow the fullerene topology. It contains eight molecules of **1 a**, which are arranged by the vertices of a square antiprism (Figure [2](#chem201705883-fig-0002){ref-type="fig"} b). This overall number of P~5~ units in the sphere is exceptional because fullerene‐like species usually contain 12 *cyclo*‐P~5~ ligands.[4](#chem201705883-bib-0004){ref-type="ref"} There is only one CuBr‐containing supramolecule known with 24 units of **1 a**,[17](#chem201705883-bib-0017){ref-type="ref"} and another one, however CuI‐based, with 10 P~5~ rings, possessing a cube‐like scaffold (Figure [1](#chem201705883-fig-0001){ref-type="fig"} c).[4c](#chem201705883-bib-0004c){ref-type="ref"}

The CuBr scaffold in **4** consists of a severely disordered middle framework with the sum composition of Cu~16.25~Br~18.25~(CH~3~CN)~6~, which is completed from above and below by bowl‐like {Cu~4~Br~5~}^−^ fragments (Figure [3](#chem201705883-fig-0003){ref-type="fig"} a). The analogous {Cu~4~I~5~}^−^ bowl is also a part of the scaffold of a CuI‐containing supramolecule (Figure [1](#chem201705883-fig-0001){ref-type="fig"} c).[4c](#chem201705883-bib-0004c){ref-type="ref"}, [18](#chem201705883-bib-0018){ref-type="ref"} The middle part can further be divided into anionic {Cu~2~(μ~3~‐Br)Br~2~}^−^, neutral {Cu~2~(μ~3~‐Br)Br(CH~3~CN)} and cationic {Cu~2~(μ~3~‐Br)(CH~3~CN)~2~}^+^ fragments with partly occupied Cu and Br positions.[19](#chem201705883-bib-0019){ref-type="ref"} In total (middle part and two 'bowls'), a sum formula of \[{Cp\*Fe(η^5^‐P~5~)}~8~Cu~24.25~Br~28.25~(CH~3~CN)~6~\]^4−^ results for the inorganic host. The negative charge is balanced by four \[CoCp~2~\]^+^ cations. Three of them are located in the outer sphere; the fourth one fits exactly into the cavity of the supramolecule (Figure [2](#chem201705883-fig-0002){ref-type="fig"} b). Hence, the building blocks **1 a** and CuBr adapt to the cationic template by forming an unprecedented anionic host, which displays the first negatively charged inorganic assembly of this series, here incorporating \[Cp~2~M\]^+^.

![Typical fragments in CuX frameworks (X=Br, I): Bowl‐like fragments (a) {Cu~4~Br~5~}^−^ in the scaffold of **4** and (b) {Cu~4~I~5~(CH~3~CN)} in **5 a**; caps (c) {Cu~3~Br~4~}^−^ in **4** and (d) {Cu~3~Br(CH~3~CN)~3~}^2+^ in **6**; and {Cu~4~I~4~(CH~3~CN)~2~} and {Cu~6~I~5~(CH~3~CN)~2~}^−^ fragments in **5 a** and **5 b**.](CHEM-24-2503-g003){#chem201705883-fig-0003}

Encouraged by this result, we became interested in the investigation of the potential of the neutral moiety \[CoCp~2~\] as a template. For this purpose, a dark green solution of **1 a** and CoCp~2~ (molar ratio **1 a**:CoCp~2~=3:1) in CH~2~Cl~2~ is layered over a solution of CuBr in CH~3~CN. In doing so, the formation of a metallic mirror was observed, most likely of Cu^0^. Nonetheless, after some days, in addition to the formation of brown plates of the 2D polymer \[(**1 a**)CuBr\]~*n*~ (**2 a**),[13a](#chem201705883-bib-0013a){ref-type="ref"} small red plates are formed. The X‐ray structure analysis of these plates reveals the same charged sphere **4**, as that isolated when using \[CoCp~2~\]\[PF~6~\]. Having 19 valence electrons, \[CoCp~2~\] serves as a strong and widely used reducing agent. Hence, Cu^+^ is reduced by the metallocene to give elemental Cu and the formed \[CoCp~2~\]^+^ is again incorporated to give **4** in 51 % crystalline yield. To avoid the loss of copper during this reaction, CuBr was exchanged for its corresponding Cu^II^ salt. And, in fact, the self‐assembly process leads again to the formation of small plates of **4** after the reduction of Cu^II^ to Cu^I^. Unfortunately, the yield could not be increased by this method because the polymeric by‐product **2 a** [13a](#chem201705883-bib-0013a){ref-type="ref"} is also formed during this reaction. These results nicely demonstrate the suitability of \[CoCp~2~\]^+^ as a template because the novel supramolecule **4** is formed in all three systems: **1 a**/\[CoCp~2~\]\[PF~6~\]/CuBr, **1 a**/\[CoCp~2~\]/CuBr and **1 a**/\[CoCp~2~\]/CuBr~2~.

Moreover, if CuI is used in the reaction with **1 a** in the presence of \[Cp~2~Co\], brown plates of the polymer \[(**1 a**)CuI\]~*n*~ (**2 b**)[13a](#chem201705883-bib-0013a){ref-type="ref"} and small red prisms of {\[Cp~2~Co\]^+^@\[{Cp\*Fe(η^5^‐P~5~)}~8~{Cu~4~I~5~}~2.6~{Cu~2~I~4~}~2~{Cu~4~I~5~(CH~3~CN)}~1.8~{Cu(CH~3~CN)}~8~\]}{\[Cp~2~Co\]^+^@\[{Cp\*Fe(η^5^‐P~5~)}~8~{Cu~4~I~5~}~2~{Cu~2~I~4~}~4~{CuI}~0.4~{Cu(CH~3~CN)}~8~\]^2−^} (**5**) are formed. Compound **5** crystallizes in the monoclinic space group *P*2~1~/*c*. Its structure reveals two different supramolecules, the neutral host sphere \[{Cp\*Fe(η^5^‐P~5~)}~8~{Cu~4~I~5~}~2.6~{Cu~2~I~4~}~2~{Cu~4~I~5~(CH~3~CN)}~1.8~{Cu(CH~3~CN)}~8~\] (**5 a**) and the anionic host supramolecule \[{Cp\*Fe(η^5^‐P~5~)}~8~{Cu~4~I~5~}~2~{Cu~2~I~4~}~4~{CuI}~0.4~{Cu(CH~3~CN)}~8~\]^2−^ (**5 b**) (Figure [2](#chem201705883-fig-0002){ref-type="fig"} c, d). Both of them consist of eight units of **1 a**, four of them in a 1,2,3,4,5‐ and the other four in a 1,2,3,4‐coordination mode of the *cyclo*‐P~5~ ligand. The extended CuI framework can be explained as a combination of different fragments. In **5 b**, four {Cu~2~I~4~}^2−^ fragments appear as two different structural isomers linked by additional {Cu(CH~3~CN)}^+^ groups and partly occupied {CuI} units (Figure [3](#chem201705883-fig-0003){ref-type="fig"} e). From above and below, the sphere is completed by bowl‐like {Cu~4~I~5~}^−^ fragments as observed in **4** and in a supramolecule containing ten *cyclo*‐P~5~ units, respectively (also see Figure [1](#chem201705883-fig-0001){ref-type="fig"} c).[4c](#chem201705883-bib-0004c){ref-type="ref"} Hence, for the host **5 b**, the sum formula \[(**1 a**)~8~Cu~24.4~I~26.4~(CH~3~CN)}~8~\]^2−^ with a 91‐vertex scaffold results (Figure [2](#chem201705883-fig-0002){ref-type="fig"} d). Its elongated cavity ranges from 4.9 Å in width and 6.7 Å in length and is therefore perfectly suitable for the encapsulation of a cobaltocenium cation, which has a length of 6.6 Å. This leads to the monoanionic host--guest supramolecular complex \[(CoCp~2~)^+^@**5 b**\]^−^. In **5 a**, instead of some {Cu~2~I~4~}^2−^ fragments, a bowl‐like {Cu~4~I~5~}^−^ and {Cu~4~I~5~(CH~3~CN)} fragments (Figure [3](#chem201705883-fig-0003){ref-type="fig"} b) prevail to construct a neutral 96‐vertex scaffold of the sum formula \[(**1 a**)~8~(CuI)~28~(CH~3~CN)~9.8~\] (Figure [2](#chem201705883-fig-0002){ref-type="fig"} c). Its inner diameter (4.9 Å × 7.1 Å) is once more large enough for the encapsulation of a small molecule. Hence, one \[CoCp~2~\]^+^ is incorporated resulting in a monocationic host--guest complex \[(CoCp~2~)^+^@**5 a**\]^+^. Thus, it balances the negative charge of \[(CoCp~2~)^+^@**5 b**\]^−^. Compound **5** can therefore be described as a unique supramolecular ion pair \[(CoCp~2~)^+^@**5 a**\]^+^\[(CoCp~2~)^+^@**5 b**\]^−^. The outer diameter reaches values of 2.67 nm for **5 b** and 2.99 nm for **5 a**, respectively.[20](#chem201705883-bib-0020){ref-type="ref"} The dianionic **5 b** host is smaller than the neutral **5 a** due to the difference in the CuI scaffold: In **5 b**, the shortest bridge between neighbouring *cyclo*‐P~5~ ligands is a single Cu atom coordinating P atoms in 1,2‐positions. In **5 a**, the corresponding *cyclo*‐P~5~ ligands are linked by Cu and longer Cu~2~I‐bridges, which leads to a longer size of two opposite faces of the underlying cube in the scaffold of **5 a**. For comparison, the 80‐ and 90‐vertex nanoballs (Figure [1](#chem201705883-fig-0001){ref-type="fig"} a, b) have a size of 2.2 nm, whereas fullerene C~60~ amounts to only 0.7 nm.[20](#chem201705883-bib-0020){ref-type="ref"}

The host--guest interactions in **4** and **5** are different in comparison to those in **3** (Figure [2](#chem201705883-fig-0002){ref-type="fig"}). In the latter, relatively weak π--π stacking took place between both Cp ligands of the \[FeCp~2~\] guest and two opposite *cyclo*‐P~5~ ligands of the host (interplanar distances 3.95--4.15 Å). In the complexes **4** and **5**, no stacking interactions are observed with \[Cp~2~Co\]^+^, which is reasonable for the supramolecule **4** with its antiprismatic and, hence, non‐parallel orientation of the P~5~ rings (Figure S8 in the Supporting Information). In **5**, there is no π--π stacking even despite a parallel orientation of the *cyclo*‐P~5~ rings of both the neutral and the anionic hosts. The cube‐like arrangement of the *cyclo*‐P~5~ rings would allow both Cp ligands of the MCp~2~ to be involved in the π interactions. The host cavity sizes would still be suitable with their *cyclo*‐P~5~⋅⋅⋅*cyclo*‐P~5~ distances \[cf. average of 11.34 Å (**3**), 11.38 Å (**5 b**) and 11.86 Å (**5 a**)\]. Yet, the parallel arrangement of the P~5~ rings on the inner surface of the cavity might be not good enough, because they are not exactly opposite. For this reason, in the case of both hosts in **5**, only slipped stacking with the guest metallocene molecules could have taken place. Most probably, a face‐to‐face stacking as in **3** is more favourable than the slipped one. Therefore, the guest molecule chooses the orientation in the cavity, where only numerous H⋅⋅⋅P and H⋅⋅⋅X van der Waals contacts are formed with the host molecules **4** or **5**. The shortest H⋅⋅⋅P (2.88--2.92 Å) and H⋅⋅⋅Br contacts (2.94--2.95 Å) are all normal van der Waals contacts. In **5**, only H⋅⋅⋅I (2.79--3.07 Å) contacts are shortened with respect to van der Waals radii, and the H⋅⋅⋅P contacts are all longer than 3 Å. To investigate the possible ordering of the \[CoCp~2~\]^+^ cationic host, an additional X‐ray diffraction experiment for **4** was measured at 10 K at the DESY PETRA III synchrotron (beamline P11).[21](#chem201705883-bib-0021){ref-type="ref"} The experiment showed that no ordering takes place and therefore no specific interactions are responsible for the host--guest interactions.

In the presence of the \[CoCp~2~\]^+^ cation, a number of iodocuprates of oligomeric (up to \[Cu~6~I~11~\]^5−^) and 2D polymeric structures are known to be formed in acetonitrile solutions.[22](#chem201705883-bib-0022){ref-type="ref"} When synthesizing **5**, no iodocuprates were observed, but from time to time, black plates of \[{Cp\*Fe(η^5^‐P~5~)}~3~{(Cp\*Fe(η^4^‐P~5~))~2~NH}~3~Cu~16~I~10~(CH~3~CN)~7~\]⋅3.9CH~3~CN (**6**) could be obtained. Compound **6** crystallizes in the monoclinic space group *P*2~1~/*c* and its X‐ray structure analysis shows a further unprecedented supramolecule of a hemispherical, lens‐like shape (Figure [2](#chem201705883-fig-0002){ref-type="fig"} e). It contains nine pentaphosphaferrocene moieties, with six of them showing an envelope conformation of the P~5~ ring. The "out‐of‐plane" phosphorus atom also bears a substituent, which is attributed to a NH group.[23](#chem201705883-bib-0023){ref-type="ref"} The nitrogen atom bridges two neighbouring \[Cp\*Fe(η^4^‐P~5~)\] units to give three \[{Cp\*Fe(η^4^‐P~5~)}~2~NH\]^2−^ moieties per supramolecule (Figure [4](#chem201705883-fig-0004){ref-type="fig"}). Similar complexes were obtained in our group as a result of the nucleophilic attack of **1 a** by NH~2~ ^−^, an intermediate complex \[{Cp\*Fe(η^4^‐P~5~)}~2~NH\]^2−^ detected by ^31^P NMR spectroscopy and a final product \[{Cp\*Fe(η^4^‐P~5~)}~2~N\]^3−^, the latter being also characterized by X‐ray structure analysis.[24](#chem201705883-bib-0024){ref-type="ref"} The \[{Cp\*Fe(η^4^‐P~5~)}~2~NH\]^2−^ units in **6** and the trianion \[{Cp\*Fe(η^4^‐P~5~)}~2~N\]^3−^ display a similar envelope conformation of the *cyclo*‐P~5~ ligand and reasonably elongated P−N bond lengths when protonation is taken into account (\[{Cp\*Fe(η^4^‐P~5~)}~2~N\]^3−^: 1.688(3)--1.693(3) and **6**: 1.697(17)--1.736(9) Å). In **6**, these bent P~5~ rings still show a 1,2,3,4,5‐coordination mode, whereas the remaining three units of **1 a** bearing planar *cyclo*‐P~5~ ligands show a 1,2‐coordination mode. The scaffold furthermore contains 16 tetrahedrally coordinated Cu^+^ and 10 I^−^ ions, which are either terminal or bridging (μ~2~ or μ~3~). In total, the supramolecule is neutral (3 \[{Cp\*Fe(η^4^‐P~5~)}~2~NH\]^2−^, 10 I^−^, 16 Cu^+^). Due to the interconnected *cyclo*‐P~5~ ligands, compound **6** does not provide any accessible cavity, hence no encapsulation of the template is observed. The outer size of the supramolecule amounts to 1.65×2.48 nm.[20](#chem201705883-bib-0020){ref-type="ref"} Unfortunately, all attempts to isolate **6** in significant amounts failed.[24](#chem201705883-bib-0024){ref-type="ref"}

![Envelope conformation of six *cyclo*‐P~5~ rings in **6**.](CHEM-24-2503-g004){#chem201705883-fig-0004}

All obtained supramolecular compounds **3**--**6** are insoluble in common solvents as *n*‐hexane, toluene, Et~2~O and THF. In some cases, however, they show a very low solubility in CH~3~CN, CH~2~Cl~2~ or mixtures of these solvents, enabling a mass spectrometric characterization,[19](#chem201705883-bib-0019){ref-type="ref"} with fragments of even up to \[{Cp\*Fe(η^5^‐P~5~)}~3~Cu~7~Br~6~\]^+^ (at *m*/*z=*1962.3) for **3** appearing in the corresponding ESI spectra. Furthermore, this method is also well‐suited for the detection of the template, although no conclusion about its charge can be made. In the cationic ESI mass spectrum of **4** and **5**, an exemplary peak at *m*/*z=*188.9 corresponding to \[CoCp~2~\]^+^ is observed.

In addition, all products show solubility in pyridine, accompanied by the fragmentation of the host and thus the release of the guest. This is evidenced by both the ^1^H and ^31^P{^1^H} NMR spectra, which only show signals corresponding to the free **1 a**. As an example, for dissolved crystals of **3**, a sharp singlet at *δ*=143.5 ppm in the ^31^P{^1^H} NMR spectrum (*cyclo*‐P~5~) and a singlet at *δ*=1.34 ppm in the ^1^H NMR spectrum (Cp\* ligand) are obtained corresponding to the free **1 a**,[19](#chem201705883-bib-0019){ref-type="ref"} a consequence of which is the release of the template, which also can be detected by NMR or EPR spectroscopy as well as mass spectrometry. Thus, in the ^1^H NMR spectrum of **3**, in pyridine, a singlet at *δ*=4.16 ppm is assigned to the Cp ligands of ferrocene (literature:[25](#chem201705883-bib-0025){ref-type="ref"} *δ*=4.04 ppm in cyclohexane‐d~12~). In the respective EPR spectra of **3**, **4** and **5** in pyridine solution, no signal can be detected, which is in agreement with the presence of the neutral 18 VE complex \[FeCp~2~\] in **3** as well as of the cationic 18 VE complex \[CoCp~2~\]^+^ in **4** and **5**.

Conclusion {#chem201705883-sec-0003}
==========

For the first time, the formation of supramolecules in the presence of redox‐active agents was demonstrated. Even the presence of the reducing agent \[CoCp~2~\] as well as of the oxidant \[FeCp~2~\]\[PF~6~\] does not inhibit the formation of supramolecules based on pentaphosphaferrocene **1 a** and CuX (X=Br, I). In contrast, their respective oxidation and reduction are accompanied by their incorporation in the in situ formed supramolecular hosts. In the presence of \[FeCp~2~\]\[PF~6~\], the sphere **3** of the *I* ~h~‐C~80~ topology is formed consisting of 12 fragments of **1 a**. According to EPR data, the sphere is templated by neutral \[FeCp~2~\] guest, a product of the reduction of the \[FeCp~2~\]^+^. In contrast, under similar conditions, \[CoCp~2~\] is oxidized by Cu^I^ now forming the charged template \[CoCp~2~\]^+^. This resulting cationic organometallic complex was successfully included into three different supramolecules **4**, **5 a** and **5 b**, possessing novel topologies. It was also proved that the direct synthesis starting from the \[CoCp~2~\]\[PF~6~\] salt results in the same products **4**, **5 a** and **5 b**. Therefore, this approach allowed us to isolate and structurally characterize both neutral and anionic supramolecules with unprecedented scaffolds that differ in shape, the number of **1 a** moieties and the halide used. In the fourfold positively charged supramolecule **4**, eight units of **1 a** form a square antiprism, whereas in **5**, they are arranged in two diverse cubes, one being neutral (**5 a**), the other being twofold negatively charged (**5 b**). These host--guest assemblies with the cuboidal scaffolds **5** form a unique ion pair \[(CoCp~2~)^+^@**5 a**\]^+^\[(CoCp~2~)^+^@**5 b**\]^−^. Remarkably, the host--guest complexes **4** and **5** display the first inorganic‐based spheres incorporating \[CoCp~2~\]^+^.
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